A phenomenological analysis of the scalar glueball and scalar meson spectra is carried out by using the AdS/QCD framework. Both AdS7 based top-down, and AdS5 based bottom-up approaches are considered.
I. INTRODUCTION
Glueballs have been a matter of study and experimental search since the formulation of the theory of the strong interaction Quantum Chromodynamics (QCD) [1, 2] . QCD sum rules [3, 4] , QCD based models [4] and Lattice QCD computations both with sea quarks [5] and in the pure glue theory [6] [7] [8] have been used to determine their spectra and properties. However, glueballs have not been an easy subject to study due to the lack of phenomenological support, and therefore much debate has been associated with their properties [4] . Glueballs, if existing, mix with the quark states of the same quantum numbers, and therefore their direct characterization is difficult to disclose.
Recently we have been involved in the study of the glueball spectrum from the point of view of the AdS/QCD correspondence [9] [10] [11] . Following these investigations, we analyze here the phenomenological consequences of the AdS/QCD correspondence by comparing with real data. We are interested presently in the scalar sector. The experimentally determined scalar mesons with spin parities J P C = 0 ++ are known as the f 0 mesons [12] . Our aim is to describe the glueball lattice spectrum by means of the AdS/QCD correspondence and to compare it with the spectrum of f 0 's. We recall, that only when the masses of the glueballs and the f 0 's are similar mixing is to be expected. Moreover, even if the masses are similar, if the dynamics generating the reseonance states is very different, mixing will not take place. Therefore, we are looking for mass ranges of similar dynamics. Outside these mass ranges the scalar particles will be mostly glueball or mostly meson.
We start by discussing the the so-called top-down approach of the AdS/QCD correspondence representing the glueball and scalar dynamics in a very transparent fashion. Some conclusions can be already drawn from this study. Thereafter, we proceed to the same analysis in the bottom-up approach. The conclusions are qualitatively very similar. We end by drawing some phenomenological conclusions which should guide the experimental search of pure glueball states. The characterization of pure glueball states would allow the study of the peculiarities of QCD associated with the dynamics of gluons.
II. SCALAR GLUEBALL AND SCALAR MESON SPECTRUM IN A TOP-DOWN APPROACH
The AdS/CF T correspondence provides new techniques to deal with non abelian gauge theories. The Maldacena duality conjecture [13] and subsequent developments [14] [15] [16] lead to a geometrical picture for QCD, which is based on an AdS 7 soliton whose metric is [17] [18] [19] 
where η µν is the Minkowski metric in five dimensions. This is the so called top-down approach. The strong coupling glueball calculation consists in finding the normal modes for the supergraviton multiplet. The supergravity modes represent excitations of QCD operators which posses a mass spectrum. One has to find all quadratic fluctuations in the background that survive for QCD in the scaling limit. The result in appropriate units is given in Table I . Note that in the calculation there are two sources of 0 ++ states one is associated with the dilaton field and the other with the scalar component of the AdS graviton. We use here the technique, developed in our previous work [11] , display the spectrum obtained by using AdS to fix the scale, and proceed by seeding the lattice data for an optimal fit result. We proceed to show in Table II the precise lattice data [6] [7] [8] including the uncertainties obtained by summing all separate errors in quadrature. We also plot the results for the tensor glueball states since theory predicts degeneracy between the scalar an the tensor glueball for the dilaton modes. [6] , YC [7] and LTW [8] and Lattice (average)
We have not included the lattice results from the unquenched calculation [5] to be consistent, which however, in this range of masses and for these quantum numbers are in agreement with the shown results within errors.
In Fig.(1) we show the result of the fit using the scalar component of the graviton and the dilaton modes shown in Table I . The ordering of the modes has been chosen to reproduce the almost degeneracy of scalar and tensor glueballs in the lattice data. For optimising our fit procedure we have adscribed the lowest lattice glueball to the k=1 mode as indicated by other non perturbative schemes [20] [21] [22] [23] . We next proceed to describe the scalar mesons within the same framework, and qualitatively follow the line of reasoning of ref. [24] . QCD flux tubes are presumed to be behind the string-like color flows observed in strong interaction processes [25, 26] . If the dynamics of the meson flux tubes are locally the same as those for glueballs, then meson dynamics in the real world should correspond to open string dynamics on the same spaces considered in the glueball calculations. For the scalar meson state, the AdS 7 mode equations will be those of the scalar glueball dilaton without AdS mass. The observed different correspondence comes from the scale, since the flux tube based dynamics for the glueball differs for that of the mesons due to the different color factors. Thus we take the modes in Table I , and assign each meson to a given mode. For a graphical demostration of our approach, we shift the meson spectrum with respect to the glueball spectrum in Fig.(2) .
The figure is very instructive. The first conclusion is that the lattice data produce a linear fit at the variance with the meson data. However, both the fit to the data and our elementary geometrical AdS model for the scalar mesons show that the average slope of the fit to the mesons is much smaller than the that of the glueballs. The glueballs and the mesons are only close together at the level of the lowest lattice mode ∼ 1700 MeV. Above that mass they f0(500) f0 (980) tend to separate. This implies that physical states around at 1700 MeV are mixed meson-glueball states, while the mass states above that mass are pure states since they only have equal masses for very different mode numbers. We conclude from AdS/QCD that pure glueball states occur for masses above ∼ 2000 MeV.
III. SCALAR GLUEBALL AND SCALAR MESON SPECTRUM IN A BOTTOM-UP APPROACH
A different strategy based on the AdS/CFT correspondence, the so-called botton-up approach starts from QCD and attempts to construct a five-dimensional holographic dual. One implements duality in nearly conformal conditions defining QCD on the four dimensional boundary and introducing a bulk space which is a slice of AdS 5 whose size is related to Λ QCD [27] [28] [29] [30] .
The metric of this space can be written as
where η µν is the Minkowski metric and the size of the slice in the holographic coordinate 0 < z < z max is related to the scale of QCD, z max = 1 ΛQCD . This is the so called hard wall approximation. Later on, in order to reproduce the Regge trajectories, the so called soft wall approximation was introduced [31, 32] . Within the bottom-up strategy and in both, hard wall and the soft wall approaches, glueballs arising from the correspondence of fields in AdS 5 have been studied [33, 34] . In our recent work we have described the scallar glueball spectrum by the graviton of AdS 5 with a modified metric [10] . In Fig.(3) we reproduce the results of ref. [11] for the glueball spectrum.
In order to describe the scalar mesons in our model we use the philosophy of ref. [24] but now based on the same geometric structure as that of ref. [10, 11] . We make the same assumption again that the scalar mesons arise from open strings which become AdS 5 massless scalars. This leads to the same equation as for the graviton. We choose different scales to approach the data for glueballs and mesons, since the flux tubes associated with glueballs and mesons are different. The result is shown in the left plot of Fig.(4) . We see that besides some minor numerical differences the physics of the plot reproduces that of Fig.(2) .
The glueball spectrum of the second soft wall approach [34] is shown in the right plot of Fig.(3) . The corresponding mass formula is m last paper we claim that the energy scales for glueballs and scalar mesons have to be different by the reasons given in previous approaches. The result with the two scales is shown in the right plot of Fig.(4) . The two scales have been found by fitting the lattice glueball spectrum and the scalar mesons spectrum. A suprising result of this calculation is the extreme quality of the scalar meson spectrum once the scale is adjusted to the f 0 's. We observe moreover, that, contrary to the glueballs, the mesons have a quadratic mass spectral behavior, well reproduced by the model. Again the physical implications of this plot lead to the same conclusion as before, namely that pure glueball states will occur for large masses.
IV. CONCLUSION
We have performed a phenomenological analysis of the scalar glueball and scalar meson spectrum based on several approaches of the AdS/QCD correspondence. The data used have been the lattice QCD results for the scalar and tensor spectrum and the experimental f 0 spectrum of the PDG tables. We have reached several conclusions. We have confirmed that the glueball spectrum is linear in both approaches and that agrees quite well with the result of AdS/QCD correspondence, both in the top-down and bottom-up approaches. We have shown explicitly that the scalar meson spectrum is quadratic in agreement with Regge theory, and that the model of ref. [35] beautifully explains the data as long as the energy scale for mesons is different from that of glueballs. Finally we have shown that our analysis implies that pure glueball states will occur for high masses since their mass grows much faster with mode number than that of mesons and therefore the structure of mesons and glueballs for equal masses is very different.
Currently, large statistics of Central Exclusive Process (CEP) data is being collected by the LHC experiments, and we expect exciting new results to appear concerning the higher mass gluon enriched process.
